Objective: To describe the effects of performance-enhancing supplements and caffeine on the blood pressure (BP) of an adolescent male. Case Summary: An adolescent male presented to his primary care provider for a preseason athletic physical. On physical exam, his BP was 162/90, exceeding the 99th percentile for his age. It had been elevated during the previous 2 yearly physicals. He was referred to the Pediatric Preventive Cardiology Clinic for follow-up. Illegal substance use and renal trauma were ruled out. During the evaluation, the patient acknowledged using energy drinks and performanceenhancing supplements, the majority of which were caffeine-based. His intention was to continue the use of supplements, so lisinopril was initiated. On follow-up, however, the patient reported supplement discontinuation, intermittent medication adherence, and lower home-based BP readings. He was subsequently lost to follow-up. An objective causality assessment revealed that the adverse drug event was probable. Discussion: When working with adolescent patients, it is particularly important to conduct an in-depth interview reflecting lifestyle choices. Use of performance-enhancing supplements and caffeine for adolescent athletes has been well reported in the literature. Adolescent use of supplements may be driven by misguided beliefs and lack of knowledge about potentially detrimental health effects, such as altered heart rate and elevated BP. Little evidence-based research is available to provide treatment guidance for clinicians regarding potential effects. Conclusions: A thorough patient history, including specific questions probing for any recent or chronic use of nutritional supplements, including energy drinks, will help identify substances that may contribute to BP variations. Even mild BP elevations in adolescents should lead clinicians to further investigate supplement use and include specific questions on any product use within the past 24 hours, several days, or longer. Adolescents may not consider the potential for adverse health effects when ingesting performance-enhancing supplements or energy drinks.
Introduction
Use of supplements as energy boosters and performance enhancers for athletes has been a topic of concern, particularly the potential for supplements to adversely affect cardiovascular (CV) function. [1] [2] [3] Under the Dietary Supplement Health and Education Act of 1994 (DSHEA), the burden of proof lies with the federal Food and Drug Administration (FDA) and the federal government to demonstrate that a dietary supplement is unsafe. This is unlike the regulatory process for both prescription and over-the-counter medications where manufacturers are required to demonstrate safety and efficacy before receiving FDA approval. 4 The DSHEA has received opposition from health care organizations such as the American Society of Health System Pharmacists that would like to have an FDA regulatory scheme in place for the safety and efficacy of dietary supplements. 5 The ingredients of dietary supplements marketed for weight loss and/or increased endurance may be associated with a variety of potentially adverse effects on CV function, particularly heart rate (HR) and blood pressure (BP). Often little evidence-based research is available to support claims for the ingredients or provide guidance for clinicians regarding potential effects if combinations are used. [6] [7] [8] The potential for adverse effects from supplements may be underestimated by users. In a survey of patient knowledge about the possible adverse effects, more than 40% of the respondents thought these agents did not have the potential for adverse health effects. 5 Use of supplements as performance enhancers for adolescent athletes has been well reported in the literature and may be driven by misguided beliefs by these adolescents. In a study of 157 students (ages [11] [12] [13] [14] [15] [16] [17] [18] [19] , health literacy skills by use of the Internet were evaluated. Many students in the study cited difficulty distinguishing relevant health information from false statements. 9 We report the case of an adolescent athlete referred to the Pediatric Preventive Cardiology Clinic (PPCC) by his primary care provider (PCP). The use of the 9 ingredients in dietary supplements he reported consuming was identified. We provide a review of these ingredients from case reports and evidence-based research reporting changes in CV function where a change in CV status or a CV-related adverse event was defined as a change in HR and/or BP.
Case Report
A 17-year-old white male was referred by his PCP to the PPCC for evaluation and management of hypertension following elevated readings over the course of 3 years of athletic physicals. The most recent reading was 162/90 mm Hg. This placed him in the 99th percentile for his age and gender, or greater than 2 standard deviations from the mean. 10 In the referral request, the PCP indicated additional BP readings were also elevated to the level of Stage 2 Hypertension per JNC-7 guidelines. 11 Specific information on how BP was taken was not included in the referral information. The patient presented to the PPCC 1 week following the referral. When evaluated by the physician in the PPCC, past medical history was unremarkable. The usual childhood illnesses and occasional athletic injury were reported. Specifically, there was no history of urinary tract infection and no history of renal trauma or other insult. The hypertension workup was unrevealing with all laboratory values for a complete blood count, comprehensive metabolic panel with lipids, thyroid stimulation hormone level, and glycated hemoglobin within normal ranges. The renal ultrasound and echocardiogram were also normal. In addition, no laboratory test-supplement interactions were identified.
The patient was a competitive baseball player. He had regular preparticipation physical exams that, based on information contained in the referral request, reported 2 mildly elevated BP readings during the 2 years prior to referral. Copies of the medical record were not provided. The patient reported no medication use, either prescription or over-thecounter. The patient denied tobacco, alcohol, or illicit drug use (including steroids) and stated that he consumed 1 to 2 caffeinated beverages per day. The size(s) of the beverages and other specific information were not provided by the patient.
On physical exam, the patient's height measured 184.5 cm (90th percentile), weight 101.3 kg (99th percentile), with an increase of 7.8 kg over 15 months. The body mass index (BMI) was 29.8 kg/m 2 . Blood pressure was 152/84 mm Hg in the right arm (manually) and 142/78 mm Hg in the left arm (manually), with a normal lower extremity BP. Both readings met criteria for Isolated Systolic Stage 1 hypertension in adults. 11 In accordance with his age, a systolic reading of 132 for this patient, based on gender and height-specific norms, placed him in the 90th to 95th percentile and met the criteria for pediatric hypertension. 12 The remainder of the physical exam was unremarkable.
On further questioning, the patient indicated that he had been engaged in a rigorous strength and conditioning program to enhance his prospects for a collegiate or professional baseball career. As part of his training regimen, he had been using dietary supplements. A thorough patient intake interview identified the use of 9 ingredients in supplements he reported consuming: ashwagandha, β-phenylethylamine, caffeine-based substances (coffee bean extract, guarana, kola nut, tea extracts, and yerba mate), creatine, and 1,3-dimethylamylamine (DMAA). Because these products were sold in vitamin shops, the patient did not consider reporting his supplement use important. Supplement use information was not contained in the referral information. He was reticent to reveal more information.
It was recommended that he discontinue use of dietary supplements and focus his weight training on submaximal, dynamic training 13 with lower weights and higher repetitions per set. During the course of the clinic evaluation, he reported his intention was to continue the use of supplements; therefore, antihypertensive therapy was initiated in June with lisinopril 10 mg daily, the rationales being because the least intermittent reading were in excess of the 99th percentile and this was a highly competitive athlete. Lisinopril was selected for its known effectiveness, good safety and side effect profiles, and unlikeliness to limit his exercise tolerance. The adult starting dose of 10 mg was selected, and it was presumptively believed he was likely to be highly renin sensitive. Additionally, the patient was counseled on lifestyle modifications. On follow-up 1 month later (July), he reported intermittent compliance with the lisinopril. His BP had stabilized to 124/74 mm Hg. The patient indicated he did not like taking medicine and did not see a difference in home readings whether taking medication or not. After 1 month without supplements and without a maximal weight lifting regimen, his home readings were in the 120s/70s range. Considering patient compliance issues and systolic readings remaining at prehypertensive levels, the clinical plan, based on consultation with the PCP, was to discontinue lisinopril in 6 weeks (the end of September), 2 weeks prior to his follow-up appointment in the PPCC. The PCP was reluctant to stop the BP regimen altogether but thought a reasonable approach was to have a washout period of 2 to 3 weeks prior to the planned followup clinic appointment. The patient was lost to follow-up after the July appointment. Criteria for the Naranjo Adverse Drug Reaction Probability Scale 14 were applied and indicated a probable relationship (7 of 12) between the use of the supplements and elevated BP.
Discussion
In the United States, dietary supplements are not subjected to the strict regulatory approval process required by the FDA for prescription and over-the-counter medications. 4 Because of this, double-blind placebo-controlled trials may be unavailable for clinician review and evaluation. A 2013 national representative survey sample (n = 1579) on the rationale for dietary supplement use was conducted. Respondents were 18 years or older, with 37.8% reporting use in the past 2 years and 13.9% reporting regular dietary supplement use. For the cohort of supplement users within the past 2 years, 40.8% stated improvement in "overall energy levels" as the rationale for use. 15 In a study published in 2007 with 804 patients surveyed, 6% of these patients were at risk for potential dietary-drug interactions. 16 Many consumers may not consider caffeine a dietary supplement. In terms of energy drink use, by 2006 the United States was identified as the worldwide leader in total sales volume. 17 Analyzing results from self-report surveys, energy drink consumption was reported by approximately one third to one half of responders. Ages ranged from 10 years old to college students. 18 The purpose of supplement use by our patient was to improve athletic performance. Products used for performance enhancement are often referred to as "ergogenic" agents. Dietary supplements are included in this category.
Caffeine is the most widely consumed behaviorally active substance in the world. 19 The overuse of caffeine, whether acute or chronic, is termed caffeinism. 19 The risk of developing clinically significant caffeinism becomes high when individual intake exceeds 500 mg/day. Energy drinks, beverages containing caffeine, taurine, vitamins, and dietary products have become increasingly popular, with young males the targeted users. 17 Energy drinks, marketed to enhance alertness and/or energy, can be found under brand names such as Red Bull, Spike Shooter, and Full Throttle and contain varying amounts of caffeine. 20 The caffeine content can range from approximately 60 mg per container up to 400 mg. 18 Growing in trendiness among adolescents and young adult athletes are caffeine-containing performance enhancers. The potential contribution that caffeine adds to performance enhancers is a possible ability to maintain aerobic breakdown of carbohydrates for extended periods of time during exercise. 21, 22 Serious problems associated with caffeine use typically require extremely high doses. The amount of caffeine needed to cause death in an average male is 5 to 10 g. 19 Problems may arise when high doses of caffeine are consumed by individuals with cardiac conditions, sometimes unknown to the patient, for which stimulants are contraindicated. Hypertrophic cardiomyopathy, the most common genetic cardiomyopathy in children and young adults, is of particular concern because of the risk of hypertension, syncope, arrhythmias, and sudden death. 23 In a study of coffee and caffeine intake, participants (n = 12, all women) experienced increases in HR following coffee intake and an increase in diastolic BP when encapsulated caffeine was ingested. The amount of caffeine in the coffee was approximately 130 mg, and the capsule contained 134 mg caffeine. 24 As a dose-dependent central nervous system (CNS) stimulant, caffeine increases the HR and force of contraction. 19 This increased work load on the heart can be harmful for individuals with preexisting cardiac function or arrhythmias. Confounding these risk factors is the practice of consuming more than one performance enhancer or energy drink simultaneously, bringing individual doses of caffeine up to these very high, often dangerous, doses.
One example of consequences of caffeine ingestion is that of a 14-year-old female who ingested two 24-ounce energy drinks, a total of 480 mg caffeine, in 1 day. The following day, she went into cardiac arrest and died 6 days later. Her physician felt her preexisting heart condition, mitral valve prolapse, posed little health risk in the absence of caffeine. 25 Unbeknownst to many consumers, natural products containing caffeine or caffeine-like ingredients may be found in performance-enhancement supplements. While not always labeled as such, green and black tea, kola nut, guarana, coffee bean extract, and yerba mate are common caffeine-containing ingredients found in supplements marketed as performance enhancers.
Guarana, derived from Paullinia cupana seeds, contains "relatively large amounts" of caffeine, estimated to be between 2.5% and 7%. Reported adverse CV effects include heart palpitations, irritability, and anxiety. 26, 27 Guarana, however, is infrequently used as a single ingredient. 27 It is often used in combination with alkaloids with sympathomimetic properties, such as synephrine, found in bitter orange (Citrus aurantium). The potential for adverse CV-related consequences with the combination of bitter orange extract and guarana was reported in one study. 26 If used in combination with caffeine or other agents with similar properties, these CV effects may be enhanced. However, in an additional randomized, placebo-controlled crossover, doubleblinded study (n = 23), CV effects were not reported with the combination of caffeine, bitter orange extract, and green tea extract. It should be noted that this was an industrysponsored trial where the overall participant age range was 24.5 ± 7.4 with a BMI range of 26.6 ± 3.8. 28 Synephrine, an alkaloid that is present naturally in plants, is also available as a synthetic drug. A component of performance enhancers, it may be listed as "Bitter Orange," or C aurantium, on product labels. Synephrine was introduced into the nutritional supplement market to replace ephedra, which was banned by the FDA in 2004 because of a consistent link to increased HR and adverse events. One hundred and forty adverse events that occurred between 1997 and 1999 were evaluated in 2000. Sixty-two percent of these adverse events were possibly or definitely linked to ephedra. 29 Structurally similar to ephedrine, synephrine has been associated with suspected adverse CV events including myocardial infarctions and ischemic strokes. 30 Kola nut is the fruit derived from the evergreen Kola trees that are native to the tropical rainforests of Africa. Kola nut contains approximately 2% to 3.5% of a xanthine similar to caffeine and 1.0% to 2.5% of theobromine as active agents. Both the xanthine and the theobromine mimic the pharmacological properties of caffeine, including stimulation of the CNS and respiratory system. Cardiac stimulation, coronary dilation, smooth muscle relaxation, and diuresis also may occur. 31 Yerba mate, also called "mate," is a xanthine derivative containing caffeine, theobromine, and theophylline. The caffeine content in yerba mate varies between 0.7% and 1.7% of dry weight, although variations in processing influence the amount of bioactive caffeine present in each product. 32 A plant from the subtropical region of South America, yerba mate is one of the main sources of caffeine in some South American regions. It, too, possesses CNS stimulant effects. 33 Information on tea extracts as an additional source of caffeine was reviewed. Variations in tea occur because of differences in growing conditions, fermentation processes, and processing. Both caffeine and l-theanine occur naturally in tea. In a study of young adults (n = 44) consuming a beverage with the combination of these ingredients (97 mg l-theanine, 40 mg caffeine), systolic BP was slightly elevated. 34 Rogers et al found theanine attenuated BP effects secondary to caffeine intake. 35 The processing methods used to create green tea extracts account for the high amounts of caffeine and catechin polyphenols often associated with this variety of tea. A synergistic effect is suggested with caffeine. 36 Oolong tea, a traditional Chinese tea, contains (or can be metabolized into) caffeine, theophylline, and theobromine. 37 In a study that compared the caffeine content of 77 different teas, the investigators found "no observable trend in caffeine concentration due to the variety of tea." 38 These findings accentuate the difficulty of assessing the caffeine content of various performance-enhancement supplements by simply looking at the ingredients listed on a product label.
Green coffee bean extract is created from coffee beans that have not yet been roasted. Instead, the beans are soaked and concentrated to form an extract. When compared to roasted coffee beans, green coffee beans have a higher level of chlorogenic acid, a chemical with a possible link to health benefits for heart disease, weight loss, and diabetes.
In a randomized, placebo-controlled crossover study evaluating the efficacy and safety of a green coffee bean extract in overweight subjects, significant reductions were observed in body weight, BMI, and percent body fat. Additionally, insignificant decreases in HR and systolic and diastolic BP were observed. The mechanism of action for these effects is unknown but is thought to be related to the chlorogenic acid and its metabolite, caffeic acid. 39 Perhaps counterintuitive to the average consumer's perception, green coffee bean extract has a relatively low amount of caffeine when compared to roasted coffee beans. β-Phenylethylamine, an additional supplement ingredient reviewed, is an endogenous brain amine that has been characterized as an endogenous amphetamine. 40 In a series of animal experiments, the CV effects of increased mean aortic BP, total peripheral vascular resistance, and left ventricular contractility were demonstrated. The authors concluded that β-phenylethylamine showed positive inotropic effects as well as vasoconstriction, potentially via norepinephrine release. 41 These effects also may be present with supplement use, although dose-effect relationship information was not found. The effects of caffeine-phenylethylamine combinations were reviewed as well. Animal-based research indicated that this combination was associated with amphetamine-response cueing and suggested that an additive effect may be present. 42 Specific information on CV effects was not reported in these animal studies, although, as mentioned earlier, increased HR is well documented as one of the effects of caffeine use.
Ashwagandha (Withania somnifera, Dunal), a commonly used herb in ayurvedic medicine in India, has been investigated for its effects on the endocrine system, the cardiopulmonary system, and the CNS. 43 Performance enhancement has not been proven. Additionally, there are few systematic toxicity studies available for this chemical and concerns about the poor quality of the studies that have been completed. 43 Creatine effects were also reviewed. Creatine is phosphorylated to phosphocreatine that provides energy to the muscles. Phosphocreatine provides muscle with the major energy source during the first 10 seconds of anaerobic activity and is, therefore, considered the limiting factor in short, high-intensity activities. 6 Short-term oral creatine supplement use on exercise performance, BP, and renal function was evaluated. In a small (n = 35) placebo-controlled study of healthy, active duty, military personnel (20 men and 15 women; age range = 22-36 years) either 20 g/day of creatine or taurine (placebo arm) was used for 7 days. No significant differences were found in 2-minute push-up counts between the groups (P = .437; power = .98). The authors did report a significant increase in serum creatinine levels (P < .001) for the creatine group compared to the placebo group with no adverse changes in BP observed. They concluded shortterm creatine supplement use appeared to be safe but did not enhance push-up performance. 44 They also suggested caution with use of creatine supplement doses greater than 3 to 5 g/day in persons at risk for renal impairment, such as those with preexisting hypertension and/or diabetes. 45 Methylhexanamine (DMAA) has been marketed as a dietary supplement and is often used in combination with other ingredients, including caffeine. 46 One small study (n = 10) of healthy volunteers ingesting a combination of (a) caffeine 250 mg and DMAA 50 mg or (b) caffeine 250 mg and DMAA 75 mg found elevated BP in a dose-related manner. Heart rate was not increased. 41 Following FDA receipt of 42 adverse event reports on products containing DMAA, in April 2012, the FDA sent warning letters to companies marketing products containing DMAA noting that it is known to narrow blood vessels and arteries, which can elevate BP and lead to CV events. 47 Increased use of supplements to enhance performance presents a number of problems for both clinicians and patients. Obstacles that should be addressed include, but are not limited to, patient misperceptions of safety, inclusion of similar ingredients with often synergistic adverse effects within one product, CV-related adverse effects that are sometimes life-threatening, and the lack of research or evidence-based studies regarding safety and efficacy. Thorough medication histories specifically covering possible use of supplements and product counseling can help identify problems associated with use. Work to improve health literacy among adolescents and young adults should also be a consideration among health professionals.
Conclusion
Clinicians may encounter patients who fail to report or underreport dietary and/or performance enhancement products that they may use on an episodic or chronic basis. Requesting patients to list current medications may not elicit all products used. Practitioners are encouraged to thoroughly interview the patient and ask specific questions regarding over-thecounter products, dietary supplements for weight loss or performance enhancement, energy drinks, or products that may be used to address a chronic or perceived health need. Inquiring about product or supplement use within the past 24 hours, several days, or longer may assist in determining if additional intervention or follow-up is needed to identify possible explanations related to the presenting complaint.
